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The distribution of phytoplankton species in the Vaal River at Balkfontein during April 1985 was investigated by 
employing indices of niche breadth, niche overlap and intra- and interspecific crowding. The largest number of 
species present were non·selective (generalists) in resource-state utilization, having wider niche ranges than specialist 
species. Specialist species overlapped to a greater extent than generalist species, while common species (occurring 
in a relatively large number of resource states) were broad niched. Guilds of ecologically similar species were 
structured around species with narrow niches. Species density apparently determined intraspecific crowding as 
well as the crowding effect that individual species had on others. Spatial dimensions established a suitable basis 
for the segregation of niches, and made the illustration of differences in community structure between mid-channel 
and littoral waters possible. Chlamydomonas ulla Skuja, Carteria globosa Korsch., Trachelomonas intermedia Dang., 
Oocystis marssonii Lemm., ?Gymnodinium obesum Schiller, Melosira granulata var. angustissima O. MOiler, 
Cryptomonas Ehr. sp. 1 and Cryptomonas Ehr. sp. 2, which were common to all resource states, were shown 
to be the most important components of the phytoplankton community, because they were broad niched and 
showed the highest intraspecific crowding. Their crowding effect on other species was also greater than the 
combined crowding effect of other species on them. 
Die verspreiding van fitoplanktonspesies in die Vaalrivier by Balkfontein gedurende April 1985 is met behulp van 
indekse vir nisbreedte, nisoorvleueling en intra- en interspesifieke saamdromming ondersoek. Die grootste aantal 
spesies teenwoordig was nie-selektief (veelsydig) in hulpbronstaatbenutting en het groter nisse as spesialisspesies 
beslaan. Spesialisspesies het in 'n groter mate mekaar onderling oorvleuel as veelsydige spesies, terwyl algemene 
spesies (wat in 'n betreklik groot aantal hulpbronstate voorgekom het) groot nisse beslaan het. Gildes van ekologies-
soortgelyke spesies is om spesies met klein nisse gekonstrueer. Die konsentrasie van spesies het blykbaar 
intraspesifieke saamdromming bepaal, asook die saamdrommingsinvloed wat individuele spesies op ander uitoefen. 
Ruimtelike dimensies stel 'n geskikte basis vir nissegregering daar, en verskille in gemeenskapstruktuur tussen 
middelkanaal- en littorale waters kon aangetoon word. Chlamydomonas ulla Skuja, Carteria globosa Korsch., 
Trachelomonas intermedia Dang., Oocystis marssonii Lemm., ?Gymnodinium obesum Schiller, Melosira granulata 
var. angustissima O. MOiler, Crypotomonas Ehr. sp. 1 en Chryptomonas Ehr. sp. 2, gemeen aan al die hulpbronstate, 
is as die belangrikste komponente van die fitoplanktongemeenskap uitgewys, aangesien die spesies groot nisse 
en die grootste intraspesifieke saamdromming getoon het. Hulle saamdrommingsinvloed op ander spesies was 
ook groter as die gesamentlike saamdrommingsinvloed van die ander spesies op hulle. 
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Introduction 
Rivers, being dynamic systems, are spatially and temporally 
subject to physical and biological variation. Unidirectional 
flow in rivers can be expected to result in vertical and hori-
zontal mixing, which possibly allow homogeneous distribution 
of dissolved substances and suspended material at a specific 
site. Pieterse et al. (1986), however, demonstrated cross-
channel and vertical heterogeneity in environmental and 
algological parameters in the Vaal River at Balkfontein. 
Certain phytoplankton species, for example, showed an 
apparent preference for either mid-channel or littoral micro-
habitats . In the present study the investigation of the distri-
bution of phytoplankton species in the Vaal River is continued 
by measuring niche-related attributes of community structure. 
A data set was chosen for this purpose from a survey of the 
phytoplankton assemblage that occurred at a specific time and 
locality in the river. This made an investigation into spatial 
patterns of niche overlap, niche breadth and intra- and 
interspecific crowding possible. 
The niche concept plays an important role in community 
theory and involves a comparison of resource utilization by 
species of the same community (as in this study), or by species 
of different communities (Lawlor 1980). The exact quantitative 
definition of a species niche is difficult as a result of its large 
number of axes or dimensions (Wetzel 1983), and therefore 
the approach in this study was to apply simple indices to 
quantify niche-related parameters based on the distribution 
of individuals of species within resource states (sampling 
positions). 
A variety of indices have been used to quantify niche 
parameters (Colwell & Futuyma 1971; Green 1971; Pielou 
1972; Schoener 1970; Hurlbert 1978; Petraitis 1979; Smith & 
Zaret 1982). Pielou (1972), however, concluded that no 
universal method for niche measurement has been proposed 
because of the enormous range of different communities and 
habitats ecologists have to deal with. Some of the indices used 
by ecologists involve complicated weighting factors to correct 
for limitations in delineating resource states or categories 
(Colwell & Futuyma 1971), but Bruns & Minshall (1986) 
indicated that the quality of information available to ecologists 
may not warrant the use of such intricate measures. The 
simplest niche measures, such as those given by Schoener 
(1970), Pielou (1972), Hurlbert (1978), Hanski (1978), Lawlor 
(1980) and Feinsinger et al. (1981) may therefore be advanta-
geous, provided their limitations are recognized. 
Although niche parameters of phytoplankton have been 
investigated in other aquatic environments (Lewis 1977, 1978; 
Sinclair et al. 1980; Wall & Briand 1980; Hulburt 1985), niche 
parameters of river phytoplankton appear to be unexplored. 
The present investigation, although based on a data set 
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generated in a single survey, therefore makes an original 
contribution to our understanding of riverine phytoplankton 
communities. 
Sampling site and Methods 
The sampling site, situated in the Lower Vaal River Region 
(Bruwer et al. 1985) at Balkfontein (Figure 1), as well as 
techniques employed to sample, fix and analyse the phyto-
plankton community on April 20, 1985 were described else-
where (Pieterse et al. 1986; sampling date inadvertently given 
as May 20). Figure 2 illustrates evenly spaced positions along 
a transect across the river channel where surface samples were 
taken (positions 1 - 5). In the mid-channel region additional 
samples were taken at 1, 2 and 3 m depths (positions 6 - 8). 
The 100 ml phytoplankton samples taken at each position 
were carefully studied in order to identify and count the species 
present as correctly as possible by carefully following the 
instructions of Lund et al. (1958) and Utermohl (1958), but 
no special effort (see Lewis 1977) was made to count rare 
species. Because of the very turbid nature of Vaal River water 
(Bruwer et al. 1985) the identification and counting of 
phytoplankton species are extremely difficult and time con-
suming. For this reason duplicate counts from the maximum 
volume (2 ml in this case; Pieterse et al. 1986) which facilitated 
identification, were employed to compile the data base. The 
investigation of larger sized samples was impossible because 
of excessive amounts of suspended material which concealed 
algal cells in the counting chambers. 
Figure 1 Catchment of the Lower Vaal River Region (adapted from 
Bruwer et al. 1985). 
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Figure 2 Cross-channel section of the Vaal River at Balkfontein 
illustrating the mid-channel and surface sampling positions in black 
squares (from Pieterse et al. 1986). OFS = Orange Free State; Tvl = 
Transvaal; Mid = mid-channel; 1 - 3, 3 - 5 = halfway between 
positions 1 and 3 and 3 and 5 respectively. 
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Sampling units (positions in this study) were viewed as the 
resource states for which niche-related parameters were 
calculated, an approach followed, amongst others, by Colwell 
& Futuyrna (1971), Hanski (1978) and Hurlbert (1978). 
The following indices given by Hurlbert (1978) were used 
to calculate niche-related parameters: 
Niche breadth (B) = lI[nf (X/X)2] ........................ 1 
Niche overlap (NO) = nf [(x/X)(y/Y)] ................... 2 
Intraspecific crowding (Cn,ra) = f [Xi(Xi -1)/X] .......... 3 
Interspecific crowding (Cnter Xy) = f [(XiYi)/X] ........... 4 
Interspecific crowding (Cnter yx) = f [(XiYi)/Y] ........... 5 
where n = number of resource states 
Xi = number of individuals of species X in resource 
state i 
Yi = number of individuals of species Y in resource 
state i 
X = total number of individuals of species X in all 
resource states 
Y = total number of individuals of species Y in all 
resource states 
Notations are those of Hurlbert (1978) except that NO 
(equation, eq. 2) is used instead of L, Cntra (eq. 3) instead 
of rl1 and Cnter (eq. 4 & 5) instead of Z. Measures of B, NO, 
Cntra and Cnter are based on the distribution of individual 
organisms by species within a set of resource states, and are 
affected by the relative and absolute abundance of the species 
present. 
The index of niche breadth (B; eq. 1) provides a measure 
for assessing the degree of flexibility in resource utilization 
by individuals of a species (Miller 1980). B takes on values 
between lin and unity; low values of B reflect species that 
utilize a single resource state only (highly selective, specialist 
species), while values approaching unity indicate species that 
utilize all resource states (non-selective, generalist species). For 
the purpose of this investigation a B value of 0,5 will be taken 
to arbitrarily separate specialist « 0,5) and generalist (> 0,5) 
species. 
The index of niche overlap (NO; eq. 2) provides a measure 
of the joint use of a resource or resources by two (or more) 
species (Abrams 1980; Colwell & Futuyrna 1971; Lawlor 1980) 
and summarizes the degree of ecological similarity within 
assemblages of species (Thomson & Rusterholz 1982; Petraitis 
1979). Inspection of eq. 2 indicates that NO could take on 
values ranging between zero and a maximum equal to the 
number of resource states, which makes the direct comparison 
of NO values between data sets of different resource state 
numbers difficult. In order to facilitate such comparisons in 
future studies, the number of resource states were not incor-
porated in the calculation of NO (eq. 2), and its value was 
consequently scaled between zero and unity. The higher the 
value of the NO index, the greater the degree of overlap and 
the more similar the pattern of resource utilization (Miller 
1980) . 
The index of intraspecific crowding (Cntra; eq. 3) measures 
the frequency with which individuals of a given species 
encounter or crowd each other while utilizing a set of resource 
states (Hurlbert 1978). Resource state abundance was taken 
as one, so that this term in Hurlbert's (1978) eq. 20 was 
omitted from eq. 3. 
The indices of interspecific crowding (Cinter; eq. 4 & 5) 
measure the frequency with which individuals of one species 
encounter or crowd those of another species, and vice versa, 
when utilizing a set of resource states (Hurlbert 1978). Cinter 
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provides a measure of directional overlap (Hurlbert 1978). 
All equations used here express niche-related parameters 
in terms of interspecific and intraspecific encounters (Hurlbert 
1978) and the measurements are based on the assumption that 
all individuals in a given species are equivalent in their 
behaviour. 
Cluster analysis, by employing clustan (3rd edition, a 
computer programme developed at the University of St. 
Andrews, St. Andrews, Scotland), was used to reduce NO 
data in order to present the results obtained in a dendrogram. 
In this case, clustering makes it possible to subdivide an 
assemblage into groups of ecologically similar species known 
as guilds (Pianka 1980; Miller 1980). Cnter data was reduced 
by averaging Cnter values of individual species, whereby the 
average crowding effect or load of a given species on all the 
others, as well as the average crowding effect or load of all 
the other species on a specific one could be calculated. 
Results 
As already indicated, the species-abundance data on which 
this study is based is given by Pieterse et al. (1986). Table 3 
of that paper lists 38 taxa that occurred in the Vaal River 
on April 20, 1985 (not May 20). Melosira granulata var. 
angustissima (see Table 1, this paper, for all author citations) 
is listed separately from M. granulata and will be treated as 
a separate species for the purpose of this study. Pteromonas 
sp. 1 (Pieterse et al. 1986) has been identified as Thorako-
monas feldmannii, Cyclostephanos sp. as C. dubius, Scenedes-
mus lefevrii as S. lefevrii var. manguinii and Stephanodiscus 
sp. as S. parvus, while Melosira cf. varians, ?Gymnodinium 
obesum, ?Gyrodinium pascheri, Chroomonas sp. 1 Chlamy-
domonas sp. 1 and Cryptomonas spp. 1 and 2 are not yet 
identified . 
Niche breadths (B), which were ranked in order of in-
creasing values (Table 1), indicated that 14 species were 
more specialized (selective) in their resource-state utilization 
(B < 0,5), with four species showing the lowest value for B. 
Twenty-four species were more generalized (non-selective) in 
their resource state utilization (B > 0,5), with Phacus pyrum 
having the broadest niche. 
Comparison between B values of individual species (Table 
1) and their average concentration in the different resource 
states (from Pieterse et al. 1986) indicated that niche breadth 
is not related to the abundance of species. 
Clustered niche overlap (NO) values showed two major 
assemblages or guilds (I and II in Figure 3) of species that 
utilize the resource states in a similar manner. In Guild I the 
greatest overlap was between Actinastrum hantzschii and 
Pandorina morum (IB) and between Cyclotella meneghiniana 
and Mallomonas corymbosa (IA). Fourteen of the 15 species 
in Guild I had B values> 0,5 (Table 1), and therefore re-
presented generalist species with a generally low within-guild 
overlap. In Guild II complete overlap occurred between 
?Gyrodinium pascheri, Scenedesmus acuminatus, Strombo-
monasjaculata and S. triquetra, which clustered with 14 other 
species to form Guild IIA. Eleven of these 18 species had B 
values < 0,5 (Table 1), and therefore represented specialist 
species with within-guild overlap values that were generally 
high. In Guild II a relatively large overlap also occurred 
between Melosira granulata and Chroomonas sp. 1 (IIA) and 
between Chlamydomonas bicocca and Mallomonas trum-
mensis (lIB). Three of the 4 species in lIB had B values> 0,5 
(Table 1), and therefore represented generalist species with 
generally smaller niche overlap values than in IIA. 
When the sampling positions in which individual species 
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were present in the highest concentrations (Pieterse et al. 1986) 
are considered in conjunction with the illustrated guilds (see 
Table 1 Phytoplankton species ranked in order of 
increasing values of niche breadth (8) for all resource 
states grouped together (positions 1 - 8; Figure 2) 
Species 
I. ?Gyrodinium pascheri 
(Suchlandt) Schiller 
2. Scenedesmus acuminatus 
(Lagerh .) Chod. 
3. Strombomonas triquetra 
(Playf.) Defl. 
4. Slrombomonas jaculala 
(Palmer) Defl. 
5. Slrombomonas verrucosa var. 
borystheniensis (Roll) Defl. 
6. Aclinaslrum han/zschii Lagerh. 
7. Melosira granulala (Ehr.) Ralfs 
8. Euglena e/avala Skuja 
9. Lepocine/is salina Fritsch 
10. Euglena hemichromata Skuja 
?Gyr.pas. 
Scen.acu. 
Stro .tri. 
Stro.jac. 
Stro.v.v.b. 
Acti.han. 
Melo.gra. 
Eugl.cla. 
Lepo.sal. 
Eugl.hem. 
11. Trachelomonas intermedia Dang. Trac.int. 
12. Euglena oblonga Schmitz Eugl.obl. 
13 . Chlamydomonas bicocca Pasch . Chla.bic. 
14. Cryplomonas Ehr. sp. I Cryp.sp.1 
15 . Thorakomonas feldmannii 
Bourr. Thor. fel. 
16. Pandorina morum (Muller) Bory Pand.mor. 
17. Mallomonas corymbosa 
Asmund et Hilliard 
18 . Mallomonas Irummensis 
Cronberg 
Mlna.cor. 
Mlna.tru. 
19. Melosira cf. varians CA Agardh Melo .c.va. 
20. Cye/o/elta meneghiniana Kutzing Cyte.men. 
21. Thalassiosira weissf/ogii 
(Grun.) Fryxell et Hasle 
22 . S/ephanodiscus parvus 
Stoermer et Hllkansson 
23. Cye/ostephanos dubius 
(Fricke) Round 
24. Carleria globosa Korsch . 
25 . Euglena allorgei Defl. 
26. Chlamydomonas ulla Skuja 
27. Chroomonas Hansgirg sp. 1 
28. ?Gymnodinium obesum Schiller 
29. Melosira granulata var. 
angustissima O. Muller 
30. Cryptomonas Ehr. sp. 2 
31 . Slrombomonas ovalis 
(Playf.) Defl. 
32. Slrombomonas f/uviatilis 
(Lemm.) Defl. 
33 . Trachelomonas volvocina Ehr. 
34. Chlamydomonas Ehr. sp . I 
35 . Trachelomonas scabra Playf. 
36. Oocystis marssonii Lemm. 
37. Scenedesmus lefevrii var. 
manguinii Lefev. et Bourr. 
38. Phacus pyrum (Ehr.) Stein 
Thal.wei. 
Step. par. 
Cyst.dub. 
Cart.glo. 
Eugl.all. 
Chla.ull . 
Chro.sp.1 
?Gym.obe. 
Melo.g .v.a. 
Cryp .sp.2 
Stro.ova. 
Stro. flu . 
Trac.vol. 
Chla.sp.1 
Trac.sca. 
Oocy.mar. 
Scen.l.v.m. 
Phac.pyr. 
B 
0,125 
0,125 
0,125 
0,125 
0,225 
0,307 
0,325 
0,354 
0,397 
0,434 
0,469 
0,489 
0,490 
0,490 
0,508 
0,530 
0,534 
0,556 
0,593 
0,635 
0,639 
0,640 
0,641 
0,664 
0,678 
0,686 
0,700 
0,710 
0,740 
0,766 
0,783 
0,783 
0,799 
0,801 
0,837 
0,838 
0,866 
0,921 
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Figure 3), the guilds can be related to particular resource states. 
Guild I generally consisted of species that were abundant in 
mid-channel, 2-m deep water (M 7; Guild IA, Figure 3) and 
surface water halfway between the middle of the river and 
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Figure 3 Dendrogram of niche overlaps between phytoplankton species 
in all resource states (sampling positions I - 8; Figure 2). Abbreviations 
of species names are given in Table I; M = mid-channel, 0 = OFS, 
T = Tv! with sampling positions I - 8 where individual species reached 
highest concentrations. I, II = Guilds I and II . 
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the Orange Free State bank (0 2, Guild lB, Figure 3). Guild 
II, on the other hand, generally consisted of species that were 
abundant in mid-channel surface water and 1-m deep water 
(M 3, M 6; Guild IIA, Figure 3) and water halfway between 
the middle of the river and the Transvaal bank (T 4; Guild 
liB, Figure 3). 
Four species in 'littoral' resource states (positions 1 and 5, 
Figure 2), i.e. Strombomonas jluviatilis (0 1, Figure 3), 
Scenedesmus lefevrii var . manguinii and Trachelomonas 
scabra (T 5, Figure 3), and ?Gymnodinium obesum (T 5, 
Figure 3) clustered with Guilds 1 B and IIA. Inspection of 
species-abundance data in the different resource states (Pieterse 
eta/. 1986) generally indicated lower concentrations of phyto-
plankton species in the littoral resource states and the absence 
of ?Gyrodinium pascheri, Scenedesmus acuminatus, Strombo-
monas jacu/ata, S. triquetra and S. verrucosa var. borysthe-
niensis. These species were narrow niched (Table 1) and 
overlapped to a high degree (Figure 3). 
Intraspecific crowding (Cmrra) values (Figure 4) ranged 
between extremes taken up by Stephanodiscus parvus (mini-
mum Cnrra) and Chlamydomonas ulla (maximum Cmrra). 
These two species were respectively the least abundant and 
most abundant algae present (Pieterse et a/. 1986). Close 
inspection of Cmrra values (Figure 4) and the average con-
centration of individual species in the different resource states 
(from Pieterse et a/. 1986), indicates that the intensity of 
intraspecific crowding is probably related to the abundance 
of species. Similar comparisons between Cmrra and B values 
(Table 1, Figure 4) showed no relationship between these two 
parameters. 
The average crowding effect that individual species had on 
all the others (av.Cmrer) increased in most species with increases 
in Cntra (Figure 4). Close inspection of av.Cmter of individual 
species on all others (Figure 4) and the average concentration 
of individual species (from Pieterse eta/. 1986) indicates that 
the intensity of interspecific crowding is probably related to 
the abundance of species. No specific trends in av.Cnrer of 
other species on an individual species were shown (Figure 4). 
Variation within Cmrer values was large as the SD values 
indicate, while the ranked positions of species according to 
Cntra values (Figure 4) did not correspond to the ranking of 
species by niche breadth values (Table 1). 
When intraspecific crowding and the average abundance 
of species in resource states (from Pieterse et a/. 1986) are 
considered in conjunction with interspecific crowding, three 
different groups of phytoplankton species can be identified: 
1200 
Balkfontein 
a v. Cmter 
Crowding 
Crowded by 
so 
others~ 
-c 
others intra 
Figure 4 Intraspecific crowding (Cmra) and average interspecific crowding (av.Cinter) of phytoplankton species in all resource states (sampling 
positions I - 8; Figure 2). Abbreviations of species names are given in Table I . Species are ranked from left to right in order of increasing Cntra 
values, illustrated with horizontal lines. av.Cmer scale is the same as that of Cimra· 
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The species in the first and largest group (a in Figure 4), had 
low densities and crowded themselves to a small extent. They 
generally crowded others less than they were crowded by the 
others. Both generalist and specialist species occur in this 
group. Those in the second group (b in Figure 4), crowded 
themselves to a higher degree, and showed symmetrical 
interspecific crowding. With one exception (Euglena clavata), 
all these species were generalists. These in the third group (c 
in Figure 4), crowded themselves most, showed highest 
densities, and crowded other species to a greater extent than 
they themselves were crowded. This group included both 
generalist and specialist species and may be regarded as the 
most important group of phytoplankton species in the Vaal 
River during April 1985. The following species of this group 
were common to all resource states: Oocystis marssonii, 
?Gymnodinium obesum, Cryptomonas sp. 1, Cryptomonas 
sp. 2, Carteria globosa, Trachelomonas intermedia, Chlamy-
domonas ulla, Melosira granulata var. angustissima. The other 
species in this group, which crowded others to a lesser extent 
than their ranked Cntra position might suggest (i .e. Acti-
nastrum hantzschii, Chlamydomonas bicocca) were absent 
from some resource states. 
Discussion 
Colwell & Futuyma (1971) stressed the importance of sound 
experimental design and a proper data base in investigations 
into niche-related attributes of community structure. Certain 
aquatic environments, like turbid waters, however, pose special 
problems that possibly influence the reliability of data on 
phytoplankton. In the case of the Vaal River the presence of 
non-algal suspended material could have resulted in statistically 
unreliable abundance data, particularly on rare and small 
species, and their calculated niche parameters could therefore 
be spurious to some extent. Bias between sampling positions 
was minimized in this investigation by counting samples of 
equal size, but the relatively small volumes which were actually 
counted may not have been truly representative of the in-
dividual sampling positions (resource states). In addition, 
phytoplankton biomass units may have represented a more 
meaningful and practical way of evaluating resource state 
utilization than algal units (comprising 32 cellular, 3 fila-
mentous, 1 colonial and 2 coenobial species). In general, 
however, algal unit counts represented a good measure of 
biomass because in the different resource states these counts 
were highly significantly correlated with chlorophyll a on April 
20, 1985 (r = 0,80; n = 8). 
Despite the indicated limitations, continued progress in our 
understanding of the ecology of phytoplankton in general, 
and of riverine phytoplankton in particular, is only possible 
if the application of theoretical models is pursued as was done 
in this investigation. 
Equation 1, Levins' index of niche breadth (Hurlbert 1978), 
represents the reciprocal of the Simpson index for diversity 
normalized to the number of resource states available (Fein-
singer et al. 1981) and has, amongst others, been used by 
Hurlbert (1978), Miller (1980) and Fox (1981) as a measure 
of niche breadth (B). 
In the Vaal River at Balkfontein most species were non-
selective in their resource utilization as indicated by generalist 
species (B > 0,5) which totalled 24 out of a possible 38. 
Comparison of B values (Table 1) and the occurrence of 
individual species in the different sampling positions (Pieterse 
et al. 1986) showed that the broad-niched species were those 
that occurred in a larger number of resource states (more 
common species). The observation that common species are 
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broad niched, conforms, amongst others, to observations by 
Ranta (1979) and McNaughton & Wolf (1970). 
A study of species-abundance information (given by 
Pieterse et at. 1986) indicates that Chlamydomonas ulla, 
Carteria globosa and Trachelomonas intermedia were the most 
abundant algae (highest average concentration) in the Vaal 
River at Balkfontein. These species were not particularly broad 
niched (Table 1), which indicates that abundant species are 
not necessarily broad niched as suggested by Levins (1968) 
and Parish & Bazzaz (1976). The indication that niche breadth 
is not related to species abundance conforms to results 
obtained by Heyer (1974) and Hurlbert (1978). 
Petraitis (1979) reviewed a number of limitations if B is 
measured according to the reciprocal of Simpson's diversity 
index. The first, namely that an unstandardized version gives 
B values that decrease when the number of resource states 
are reduced, is not applicable here, as B was standardized to 
the number of resource states potentially available to all algae. 
Secondly, B is measured in terms of variation in resource use, 
while the conceptual basis for variation in B is resource 
selection by the species. Thirdly, as supported by results of 
the present study, current conventions in ecology assert that 
generalists have broader niches than specialists and take 
resource states with less discrimination. Yet the maximization 
of B occurs only when all resource states are used equally. 
If resources are not equally available, less discriminating 
species could appear to have narrower niches than more 
discriminating species. It is not known to what extent phyto-
plankton species selected particular resource states in the Vaal 
River, or whether all resource states were actually available 
to all species. However, it may be assumed that all resource 
states were potentially equally available because of run-off 
induced mixing that is expected to occur in the river. Con-
sequently, variation in niche breadths would then indicate 
resource-state selection by some species. 
Equation 2, Lloyd's (1967) index of interspecies patchiness 
(when all resource states are equal in size; Hurlbert 1978) was 
used as a measure of niche overlap (Hurlbert 1978). Hurlbert 
(1978), however, indicated that eq. 2 is a better-termed 
measure of spatial overlap, distributional overlap and species 
association under certain conditions, while Hanski (1978) 
considered species overlap and species association to be 
equivalent concepts. 
Clustered niche overlap (NO) results (Figure 3) indicated 
that specialist species overlapped to a greater extent than 
generalist species. This observation tends to support Hurlbert's 
(1978, 1982) apparent assumption (Abrams 1980, 1982) that 
generalist species with similar resource utilization patterns 
overlap less than specialists with similar resource utilization 
patterns. Abrams (1980), however, pointed out that neither 
the intensity, nor the ratio of inter- to intraspecific competition 
necessarily differs between overlapping specialists and over-
lapping generalists, from which can be inferred that generalists 
should not necessarily be expected to overlap less than 
specialists. 
Aspects pertaining to the definition and delimitation of 
appropriate resource states for which niche breadth and 
overlap were measured, can be divided into problems of range, 
spacing and non-linearity (Colwell & Futuyma 1971). Range 
does not pose a problem in this study because B values were 
normalized to the number of resource states available, while 
the number of resource states were not incorporated in the 
calculation o( NO. A certain amount of bias may have been 
introduced in the estimates of B and NO because resource 
states were arbitrarily spaced at even intervals of cross-channel 
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surface and mid-channel depth positions. The limits of the 
'littoral' region were not determined, but differences in niche 
metrics which were encountered, suggest a sufficient degree 
of distinction between 'littoral' and mid-channel resource 
states. In addition, it is not known whether a disproportionate 
number of sampling sites were concentrated in the exclusive 
portion of the niche(s) of one (or more) species, or vice versa. 
A larger number of resource states could have improved the 
observations. Ideally, resource states should be equally distinct 
or equally spaced within the range of an environmental 
parameter. The amount of error caused by non-linearity and 
ecological inequality of spacing among resource states is not 
known for the data base used in this study. 
Clustering of NO data was necessary to reduce the amount 
of data to the minimum in order to facilitate presentation and 
interpretation. This approach, however, prohibited a detailed 
consideration of overlaps between individual species pairs. 
Equation 3, the generalized form of Lloyd's (1967) index 
of mean crowding, was used by Hurlbert (1978) to measure 
intraspecific crowding. The intensity of intraspecific crowding 
in individual species was observed to be related in general to 
the average concentration of the species in the different 
resource states, which indicates that the extent to which 
individuals of a population crowd themselves depends on the 
abundance of the population. However, if a patchy distribu-
tion of populations occurs (Lloyd 1967) as is indicated by 
populations that are selective in resource utilization (specialist 
species), the crowding effect in the selected resource states will 
be more intensive than the average density value may suggest. 
As two species usually crowd each other in different ways, 
measures of directional overlap are required to supplement 
information provided by non-directional overlap measures 
(Hurlbert 1978). Equations 4 and 5, equivalent to Lloyd's 
(1967) index of mean crowding on one species by another are, 
according to Hurlbert (1978), good measures of directional 
overlap (i.e. interspecific crowding). Cnter quantifies inter-
specific encounters and cannot estimate competitive inter-
actions (Hurlbert 1978). 
The abundance of individuals of a species appears to be 
related to the crowding effect that these individuals had on 
those of other species. The crowding effect that individuals 
of other species had on individual species was, however, highly 
variable (Figure 4). It is therefore difficult to compare trends 
in the intensity of the crowding effect that individuals of other 
species had on individuals of a specific species with trends 
in species abundance or Cntra. 
In order to facilitate the interpretation and presentation of 
pairwise crowding effects, the average crowding load for and 
on each species in the assemblage was computed. However, 
this approach of summarizing directional interactions between 
species, limits the interpretation of results to a certain extent 
because it de-emphasizes crowding effects between individual 
pairs, it does not take the number of interactions into account 
and it is insensitive to changes in assemblage constitution 
(Thomson & Rusterholz 1982). 
Although differences in community structure between 
resource states of the middle section of the river (19 m from 
the banks and up to 2 m deep) were found, these resource 
states appear sufficiently similar to separate them from the 
'littoral' resource states. The 'littoral' resource states (positions 
1 and 5) differ from the others in respect of the absence of 
particular species and the lower overall concentration of the 
phytoplankton community. A limited number of species (i.e . 
Strombomonasfluviatilis, Scenedesmus lejevrii var. manguinii, 
Trache/omonas scabra, ?Gymnodinium obesum) showed the 
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highest concentrations in littoral waters and were part of 
Guilds IB and IIA (Figure 3). This possibly links the littoral 
subhabitats to mid-channel, 2-m deep and surface resource 
states halfway between the middle of the river and the OFS 
bank. 
On the day of sampling (20 April 1985) the Vaal River 
flowed at a rate of approximately 5,5 m h - 1 (Pieterse, un-
published information). Because the first and last samples were 
taken approximately 1 h apart (sequence 1, 2, 3, 6, 7, 8, 4, 
5), the observed cross-channel differences may, at leaSt partly, 
have been caused by longitudinal differences in community 
structure. Although a more detailed study on longitudinal and 
temporal differences in community structure, as well as the 
mixing effect of flowing water is needed, the cross-channel 
differences in population interactions which were illustrated 
in this study clearly indicate that flow-induced mixing before 
and during sampling was not intensive enough to equalize 
resource-state utilization. 
The approach followed in this study made the estimation 
of niche-related parameters for different resource states 
possible. The association of individuals with resource states 
are, however, contingent upon numerous environmental 
parameters that were not investigated. The niche concept in 
the Hutchinsonian sense (connoting the abstract multidimen-
sional hyper-volume which spans the ranges of species tole-
rances in respect of all environmental factors affecting it; 
Pielou 1972) was therefore not considered. The niche concept 
was applied in a more general sense to make comparisons 
between the distribution of species of the same community 
possible and to quantify interspecific relationships in resource-
state utilization. In this wayan important first step was taken 
to increase our understanding of relationships among co-
existing phytoplankton populations in the Vaal River. 
Conclusions 
Despite certain limitations related to the riverine ecosystem 
(e.g. turbidity, flowing water) and to the methods used to 
measure niche-related attributes (e.g. sample size, number and 
spacing of sampling positions), differences in resource-state 
utilization by co-existing phytoplankton species were demon-
strated in the Vaal River at Balkfontein. 
The abundance of a particular species was generally related 
to the intensity with which individuals of a species crowd 
themselves or those of other species. Niche overlap between 
specialist species (showing preference for specific resource 
states) was generally higher than between generalist species. 
Common species were shown to be broad niched, while it 
was found that abundant species were not necessarily broad 
niched. 
The application of a measure of niche breadth (the degree 
of flexibility in resource utilization) allowed the separation of 
species into generalist (non-selective) and specialist (selective) 
species, with the largest number (24 out of a possible 38) non-
selective in their resource utilization. The selective species that 
were shown to have narrow niches were ?Gyrodinium pas-
cheri, Scenedesmus acuminatus, Strombomonas Jacu/ata and 
S. triquetra. 
The application of a measure of niche overlap (the joint 
use of a resource or resources by two or more species) allowed 
the identification of ecologically similar species grouped into 
two separate guilds. Guild I consisted of species most abun-
dant in mid-channel, 2-m deep water and surface water 
halfway between the middle of the river and the Orange Free 
State bank. Guild II consisted of species most abundant in 
mid-channel surface and I-m deep water and surface water 
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halfway between the middle of the river and the Transvaal 
bank. 
Measures of intraspecific crowding (the frequency with 
which individuals of a given species encounter or crowd each 
other while utilizing a set of resource states) and interspecific 
crowding (the frequency with which individuals of one species 
encounter or crowd those of another species, and vice versa, 
when utilizing a set of resource states) were also employed 
in the investigation into niche-related attributes of the phyto-
plankton community. The measures of intraspecific and 
interspecific crowding made it possible to rank species on a 
scale of increasing intraspecific crowding and increasing 
intensity of the crowding effect of the individuals of one 
species on those of other species. Stephanodiscus parvus 
(minimum) and Chlamydomonas ulla (maximum) took up 
the extreme positions. In addition, values of intra- and 
interspecific crowding made it possible to identify the more 
important species of the community, i.e . those crowding 
themselves to the highest degree and crowding others to a 
higher degree than they themselves were crowded: Chlamydo-
monas ulla, Carteria globosa, Trachelomonas intermedia, 
Oocystis marssonii, ?Gymnodinium obesum, Melosira granu-
lata var. angustissima, Cryptomonas sp. 1 and Cryptomonas 
sp. 2. 
Acknowledgements 
The financial support of the University of the Orange Free 
State is gratefully acknowledged. Mr C. Pienaar, Department 
of Botany, was responsible for the identification of the diatom 
species, and Miss M. Cloeteof the same Department for the 
artwork. Dr M.J . van Zyl, Department of Mathematical 
Statistics and Mr A. van der Walt, Computing Services, 
assisted in the cluster analysis . Dr M.l. Claassen, Department 
of Botany, University of Pretoria, assisted in the identification 
of some of the green algal species. 
References 
ABRAMS, P . 1980. Some comments on measuring niche overlap. 
Ecology 61: 44-49. 
ABRAMS, P. 1982. Reply to a comment by Hurlbert. Ecology 63: 
253 - 254. 
BRUNS, D.A. & MINSHALL, G.W. 1986. Seasonal patterns in 
species diversity and niche parameters of lotic predator guilds . 
Arch. Hydrobiol. 106: 395 - 419 . 
BRUWER, e.A., VAN VLIET, H .R. , SARTORY, D.P. & 
KEMPSTER, P.L. 1985. An assessment of water related 
problems of the Vaal River between Barrage and Douglas 
Weir. Technical Report TR 121, HRI, Department of Water 
Affairs, Pretoria. 
COLWELL, R.K. & FUTUYMA, D.J. 1971. On the measurement 
of niche breadth and overlap. Ecology 52: 567 - 576. 
FEINSINGER, P ., SPEARS, E.E. & POOLE, R.W. 1981. A 
simple measure of niche breadth . Ecology 62: 27 - 32. 
FOX, B.J. 1981. Niche parameters and species richness. Ecology 
62: 1415 - 1425. 
GREEN, R.H. 1971. A multivariate statistical approach to the 
Hutchinsonian niche: bivalve molluscs of central Canada . 
Ecology 52: 543 - 556. 
S.-Afr. Tydskr. Plantk., 1987, 53(4) 
HANSKI , T. 1978. Some comments on the measurement of niche 
metrics. Ecology 59: 168 - 174. 
HEYER, W.R. 1974. Niche measurements of frog larvae from a 
seasonal tropical location in Thailand. Ecology 55: 651- 656. 
HULBURT, E.M. 1985. Adaptation and niche breadth of 
phytoplankton species along a nutrient gradient in the ocean . 1. 
Plankton Res. 7: 581 - 594. 
HURLBERT, S.H. 1978. The measurement of niche overlap and 
some relatives. Ecology 59: 67 - 77 . 
HURLBERT, S.H. 1982. Notes on the measurement of overlap . 
Ecology 63 : 252-253. 
LAWLOR, L.R. 1980. Overlap, similarity, and competition 
coefficients . Ecology 61: 245 - 251. 
LEVINS, R. 1968. Evolution in changing environments: some 
theoretical explorations. Princeton University Press, Princeton, 
N.J., U.S.A. 
LEWIS, W.M. 1977. Ecological significance of the shapes of 
abundance - frequency distributions for coexisting 
phytoplankton species. Ecology 58: 850 - 859. 
LEWIS, W.M. 1978. Dynamics and succession of the 
phytoplankton in a tropical lake: Lake Lanao, Philipines . 1. 
Ecol. 66: 849 - 880. 
LLOYD, M. 1967. Mean crowding. 1. Anim. Ecol. 36: 1- 30. 
LUND, J.W.G., KIPLING, e. & LE CREN, E.D. 1958. The 
inverted microscope method of estimating algal numbers and 
the statistical basis of estimations by counting. Hydrobiologia 
II : 143 - 170. 
McNAUGHTON, S.J. & WOLF, L.L. 1970. Dominance and the 
niche in ecological systems. Science (Wash) 167: 131 - 139. 
MILLER, J.e. 1980. Niche relationships among parasitic insects 
occurring in a temporary habitat. Ecology 61 : 270 - 275 . 
PARRISH, J.A.D. & BAZZAZ, F.A. 1976. Underground niche 
separation in successional plants. Ecology 57: 1281 - 1288. 
PETRAITIS, P .S. 1979. Likelihood measures of niche breadth and 
overlap. Ecology 60: 703 - 710. 
PIANKA, E.R. 1980. Guild structure in lizards. Oikos 35: 
194 - 201. 
PIELOU, E.e. 1972. Niche width and niche overlap: a method 
for measuring them. Ecology 53 : 687 - 692 . 
PIETERSE, A.J.H., ROOS, J .e., ROOS, K.I. & PIENAAR, e. 
1986. Preliminary observations on cross-channel and vertical 
heterogeneity in environmental and algological parameters in 
the Vaal River at Ba1kfontein, South Africa. Water S.A . 12: 
173 - 184. 
RANTA, E. 1979. Niche of Daphnia species in rock pools. Arch. 
Hydrobiol. 87: 205 - 223. 
SCHOENER, T.W. 1970. Nonsynchronous spatial overlap of 
lizards in patchy habitats. Ecology 51 : 408 - 418. 
SINCLAIR, M., CHANUT, J.P. & EL-SABH, M. 1980. 
Phytoplankton distributions observed during a 3i days fixed-
station in the lower St. Lawrence estuary. Hydrobiologia 75 : 
129 - 147. 
SMITH, E.P. & ZARET, T.M. 1982. Bias in estimating niche 
overlap . Ecology 63 : 1248 - 1253 . 
THOMSON, J.D. & RUSTERHOLZ, K.A. 1982. Overlap 
summary indices and the detection of community structure. 
Ecology 63: 274 - 277. 
UTERMOHL, H. 1958. Zur Vervollkomnung der quantitativen 
Phytoplankton-methodik . Mill. Int. Verein. Limnol. 
9: 1- 38. 
WALL, D. & BRIAND, F. 1980. Spatial and temporal overlap in 
lake phytoplankton communities. Arch. Hydrobiol. 88: 45 - 57. 
WETZEL, R.G. 1983. Limnology. Saunders College Pub!., 
Phildelphia, U.S.A. 
